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INTRODUCTION
Intense competition existing in the domestic and global sunflower markets makes it necessary to constantly develop new hybrids with a higher genetic potential for seed and oil yields per unit area, a wider range of disease resistance, and greater adaptability than can be found in the existing hybrids (ŠKORIĆ et al., 2004) . One of the primary tasks of sunflower breeding is the development of new inbred lines by interspecific hybridization that will subsequently be used for obtaining new high-yielding and stable hybrids of this crop. Plant height, head size, form and position on the stem, and leaf number, size, duration and distribution on the plant all play important roles in defining optimal plant architecture in sunflower hybrids .
There are single-cross sunflower hybrids grown in intensive agriculture in which use is made of heterosis (or luxuriance) in the F 1 generation. The phenomenon of heterosisis not present in all hybrid combinations of the F 1 generation, however, and heterotic effects differ from trait to trait. The manifestation of heterosis for agronomically important traits is a prerequisite for obtaining productive hybrids . Because of this, heterotic effects for yield and yield components in the F 1 generation are the subject of study of many geneticists and sunflower breeders.
The effects of seed yield heterosis relative to parental mean or better parent are in the 25-60% range, as reported by MARINKOVIĆ (1989) , who based this conclusion on the work of a number of researchers (MOROZOV, 1947; HABURA, 1958; SCHUSTER, 1964; PUTT, 1966; VRANCEANU and STOENESCU, 1969; ŠKORIĆ, 1975; MARINKOVIĆ, 1984) , as well as by KUMAR et al. (1999) .
According to HLADNI et al. (2003) , heterosis for seed yield relative to parental mean ranged between 43.3 and 92.3%, while that relative to better parent was 22.0-118.4% according to JOKSIMOVIĆ et al. (2001) and 35.0-85.7% according to HLADNI et al. (2003) .
Great many researchers have studied heterosis of plant height. Values of positive heterosis relative to parental mean some of them reported are as follows: MARINKOVIĆ (1981 ), 15.7-31.5%, MARINKOVIĆ et al. (2002 ), 85.4%, and HLADNI et al. (2003 , 18.0-40.8%. Positive heterosis for plant height relative to better parent has been reported by VOLF and DUMANČEVA, 1973 (23%) , DOZET, 1990 (53.0%), MARINKOVIĆ et al., 2002 (84.2%), and HLADNI et al., 2003 .
Heterosis for head diameter relative to parental mean or better parent has also been investigated by a large number of researchers, such as MOROZOV (1947) , HABURA (1958) , SCHUSTER (1964) , PUTT (1966) , VRANCEANU and STOENESCU (1969) , ŠKORIĆ (1975), and MARINKOVIĆ (1984) .
The objective of this paper was to determine the presence and extent of heterosis for seed yield per plant, plant height and head diameter in sunflower hybrids obtained by crosses between seven CMS inbred lines developed by interspecific hybridization and three restorer testers.
MATERIALS AND METHODS
Used to determine heterosis for seed yield per plant and sunflower yield components in the F 1 generation were seven new divergent (A) CMS inbred lines, three Rf restorer lines used as testers, and 21 F 1 hybrids developed at the Institute of Field and Vegetable Crops in Novi Sad. The female inbreds (NS-GS-1, NS-GS-2, NS-GS-3, NS-GS-4, NS-GS-5, NS-GS-6, and NS-GS-7) had been developed by interspecific hybridization, while the male restorer inbreds (RHA-R-PL-2/1, RHA-N-49, RUS-RF-OL-168) with good combining abilities were used as testers in the form of fertility restorers. The F 1 hybrids were obtained by crossing each tester with each female inbred line. A trial with three replicates was set up at the Rimski Šančevi Experiment Field of the Institute of Field and Vegetable Crops in Novi Sad using the experimental design required by the line x tester method (SINGH and CHOUDHARY, 1976) . The basic sample for plant trait analysis consisted of 30 plants (ten per replicate) taken from the middle rows of each block of inbreds and hybrids.
The trait analyses were performed in the field and laboratory. Plant height (distance from the ground to the center of the head) and head diameter were measured in the field at physiological maturity. Seed yield per plant (expressed as grams per plant) was measured in the laboratory after harvesting, removing all impurities and reducing moisture to 11%.
Mean values, standard errors, arithmetic means and variability coefficients were calculated for all the traits according to HADŽIVUKOVIĆ (1991) . Heterosis was evaluated according to JINKS (1983) .
RESULTS AND DISCUSSION
Significant differences in the mean values of seed yield per plant, plant height and head diameter were found between the A lines and Rf testers and their F 1 hybrids. The variability of seed yield per plant, plant height and head diameter observed in the lines and hybrids was low (Table 1) .
Heterosis values for seed yield per plant were highly significant in all of the hybrid combinations both relative to the parental mean (98.4-274.3%) and relative to the better parent (54.8-223.2%). These results are in agreement with those of LIMBORE et al., 1998 (114.8%) , SINGH et al., 2002 (278.0%), and JOCIĆ, 2003 (129.3-412.0%) .
A high positive heterotic effect (H 1 =273.3%. H 2 =223.2%) was found in the hybrid combination NS-GS-6xRHA-N-49. which was the inbred x restorer tester cross with the lowest mean value of seed yield per plant (Table 2) .
Highly significant positive heterotic effects for plant height relative to parental mean (H 1 ) were recorded in all the hybrid combinations. They ranged from 19.0 to 66.0% and are in agreement with the values reported by GIRIRAJ and VIRUPAKSHAPPA, 1992 (45.5%) and LIANGING, 1996 (25.4-31.5% ). The plant height heterosis values relative to better parent differed considerably from those relative to parental average. Highly significant positive heterosis was found in 19 hybrid combinations, and the values ranged bettween 6.1 and 51.6%. Similar results were reported by ŠKORIĆ, 1975 (60.2%) and LAY and KHAN, 1985 (59.0%) . The combinations NS-GS-5xRHA-N-49 (H 1 =66.0%. H 2 =46.9%). NS-GS1xRHA-N-49 (H 1 =56.0%. H 2 =43.0%) and NS-GS-3xRHA-N-49 (H 1 =55.4%. H 2 =51.6%) had the highest positive and highly significant heterosis values for plant height relative to parental mean and better parent (Table 2) .
Heterosis for head diameter relative to parental mean ranged from 19.0 to 74.7%. which is in line with the findings of MARINKOVIĆ et al. (2002) . where heterosis values varied from 4.8 to 55.1%. Heterosis values relative to better parent ranged from 11.6 to 36.6% and were similar to those reported by ŠKORIĆ, 1990 (18.3-34.8%) and MARINKOVIĆ et al., 2002 (up to 22.6%) .
Highly significant positive heterotic effects for head diameter relative to parental mean (H 1 ) were manifested in 20 of the hybrid combinations. The highest highly significant positive values of heterosis relative to better parent were recorded in NS-GS-6xRHA-N-49 (H 1 =74.7%. H 2 =36.6%), Table 2 . The hybrid combinations NS-GS-1xRUS-RF-OL-168, NS-GS-2xRUS-RF-OL-168, NS-GS-6xRUS-RF-OL-168, and NS-GS-7xRUS-RF-OL-168 had considerably lower heterosis values for plant height compared with the values for the other two traits as well in comparison with the plant height values found in the rest of the combinations. Our study of the effects of heterosis of yield and yield components has shown that this phenomenon varies both by trait and by crossing combination. Heterosis of seed yield per plant was much greater than that of the other two traits. Heterosis values relative to better parent differed considerably fom those relative to parental mean in all three traits. The hybrid combinations NS-GS-5xRHA-R-PL-2/1 and NS-GS-6xRHA-N-49 exhibited highly significant heterotic effects relative to parental mean for all three traits (Table 2) .
CONCLUSION
The following conclusions were made based on the present study's results: Significant differences existed among the genotypes (inbreds and hybrids) in their mean values of seed yield per plant. plant height and head diameter Variability of the three traits was found to be low in the lines as well as hybrids.
The heterosis values for seed yield per plant and plant height were highly significant in almost all of the hybrid combinations both relative to parental mean and relative to better parent.
Seed yield per plant had a much more prounounced heterotic effect (54.8-223.2%) relative to better parent than either plant height (6.0-51.6%) or head diameter (11.6-36.6%).
Heterosis values relative to better parent (H 1 ) differed considerably from the parental mean (H 2 ) for all three traits.
This study may prove useful in the future development of high-yielding sunflower hybrids.
